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Abstract 

Management of cancer-associated venous thromboembolism (VTE) is essential in treatment selection and cancer 
prognosis. However, to date, there is no method to assess the risk of VTE specifically associated with advanced lung 
cancer. Our aim was to create a new risk assessment scoring system that can predict the concomitant or incidence of 
VTE in advanced lung cancer. We used the dataset of 1008 patients with lung cancer in the Rising-VTE/NEJ037 study, 
of which 100 (9.9%) developed VTE. The items extracted in the multivariate analysis included female sex, adenocar-
cinoma, performance status, N factor, lymphocyte count, platelet count, prothrombin fragment 1 + 2, and diastolic 
blood pressure. This model had a maximum score of 8 points, with ≥ 5 points indicating a high risk of VTE. This simple 
risk-assessment model for VTE complications with advanced lung cancer could help identify cases that required 
monitoring for VTE.
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To the editor
Venous thromboembolism (VTE) is a common medical 
complication of cancer treatment, and the risk of devel-
oping VTE is particularly high in lung cancer patients 
[1]. Numerous risk score tools to evaluate cancer-asso-
ciated VTE have been proposed [2, 3]. The Khorana 
score [2] is the most widely used risk assessment tool 
for patients scheduled to receive chemotherapy. A meta-
analysis reported that the performance of the Khorana 
score for lung cancer differed from that for other types 

of cancer and that it was not useful in predicting VTE 
in lung cancer [4]. As the efficacy of advanced and per-
sonalized lung cancer treatments can be maximized by 
optimally managing complications, such as VTE, there is 
an urgent need to establish a VTE risk assessment scor-
ing system for lung cancer patients scheduled to receive 
chemotherapy.

The Rising-VTE/NEJ037 Study, a physician-led, mul-
ticenter, prospective, observational study, attempted to 
identify the incidence of VTE and its risk factors while 
treating lung cancers for which radical treatments were 
unsuitable (manuscript in preparation). To our knowl-
edge, the Rising-VTE/NEJ037 Study is the largest pro-
spective study involving intensive screening programs 
for VTE at the time of cancer diagnosis, along with a fur-
ther follow-up to assess the incidence of VTE. As many 
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cases of VTE co-developing with lung cancer are asymp-
tomatic, an appropriate risk-assessment scoring system 
is essential to identify the types of patients who should 
undergo aggressive screening and monitoring. Here, we 
describe a newly created risk-assessment scoring system 
that can predict the co-development or incidence of VTE 
in advanced lung cancers using the Rising-VTE/NEJ037 
Study dataset.

The Rising-VTE/NEJ037 Study included 1008 patients 
comprising the whole analysis set diagnosed with lung 
cancer unsuitable for radical resection or radiation 
between June 2016 and August 2018 across 35 insti-
tutions in Japan. The parameters used for risk assess-
ment included age, sex, body mass index, histological 
classification of the cancer, TNM factors, performance 
status scores, past medical history, comorbidities, com-
plete blood cell count, coagulation markers (D-dimer, 
prothrombin fragment 1 + 2 [PT F1 + 2]), liver func-
tion markers, kidney function markers, electrolyte lev-
els, C-reactive protein levels, brain natriuretic peptide 
levels, oxygen saturation, blood pressure, epidermal 

growth factor receptor gene mutation status, and ana-
plastic lymphoma kinase fusion gene. We performed 
a multivariate analysis by logistic regression analysis 
using a stepwise method to extract the relevant risk 
factors for VTE. Candidate factors were extracted, and 
a tenfold cross-validation was used to create a risk-
assessment scoring system that ensured internal valid-
ity. Receiver operating characteristic (ROC) analysis 
was performed to estimate the respective cut-off val-
ues for each item in the scoring process. The eight risk 
factors identified by multivariate analysis were evalu-
ated in the ROC analysis, and cut-off values were set 
(Table 1). The ROC AUC (0.751) indicated a sufficient 
discriminating ability (Fig. 1).

To our knowledge, this is the first study to show that 
low PLT counts and elevated DBP are risk factors for 
VTE. Additionally, we revealed that an elevated D-dimer 
level is not a risk factor and that PT F1 + 2 is a more suit-
able serum marker involved in coagulation for risk iden-
tification. PT F1 + 2 has been reported to be particularly 
useful as a predictor of cancer-associated thrombosis 

Table 1 New risk scoring system created from the extracted VTE risk factors

Cut-off values for lymphocyte percentage, platelet count, prothrombin fragment 1 + 2 level, and diastolic blood pressure were estimated by ROC analysis

As VTE was observed in 100 of the 1008 cases (incidence rate: 0.099) in the Rising-VTE/NEJ037 Study, scores ≥ 5 were classified into the high-risk group

VTE, venous thromboembolism; CI, confidence interval; OR, odds ratio

Parameter Coefficient OR 95% CI p-value Score point

Overview of the risk score

 Sex, Female (vs. Male) 0.730 2.076 1.257–3.429 0.004 1

 Adenocarcinoma (vs. non-small cell lung cancer, 
others)

0.845 2.327 1.277–4.241 0.006 1

 N type, 3 (vs. 0–2) 0.754 2.125 1.299–3.475 0.003 1

 Eastern Co-operative Oncology group performance 
status, 1–3 (vs. 0)

0.754 2.125 1.220–3.704 0.008 1

 Lymphocyte percentage < 18% 0.763 2.145 1.293–3.557 0.003 1

 Platelet count < 280,000/μL 0.747 2.110 1.238–3.595 0.006 1

 Prothrombin fragment 1 + 2 ≥ 325 pmol/L 0.768 2.155 1.313–3.535 0.002 1

 Diastolic blood pressure ≥ 70 mmHg 0.658 1.931 1.122–3.325 0.018 1

Points calculated from score VTE 
incidence 
rate

Estimation of the VTE incidence rate using the new risk-assessment scoring system

 0 0.003

 1 0.007

 2 0.015

 3 0.031

 4 0.064

 5 0.127

 6 0.237

 7 0.398

 8 0.584
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when used in combination with D-dimer [5]; its useful-
ness should be verified in future studies.

As cancer-related VTEs are often asymptomatic, risk 
scores that help actively screen patients at high risk of 
developing VTE are clinically important. Furthermore, 
identifying patient populations at a high risk of devel-
oping VTE using a thoroughly tested risk-assessment 
scoring system can balance the complications from 
adverse events, such as bleeding, with the benefits 
of prophylactic treatments administered for VTE in 
patients scheduled to receive chemotherapy. Therefore, 
our proposed predictive scoring system for the risk of 
VTE onset in advanced lung cancers may have great 
value in clinical settings.

This study had some limitations. Whether our pro-
posed risk scoring system would be useful in non-
Japanese patients should be examined. In addition, 
although it underwent internal validation, external vali-
dation by other studies is required. We expect that with 
an increase in the number of cancer patients achieving 
long-term survival, there will be a greater focus on the 
diagnosis and treatment of VTE co-developing with 
cancer in the future.

Abbreviations
AUC : Area under the curve; CRP: C-reactive protein; CT: Computed tomog-
raphy; DBP: Diastolic blood pressure; DOAC: Direct oral anticoagulant; DVT: 
Deep-vein thrombosis; EDO: Edoxaban; NCCN: National Comprehensive 
Cancer Network; PLT: Platelet; PT F1 + 2: Prothrombin fragment 1 + 2; ROC: 
Receiver operating characteristic; VTE: Venous thromboembolism.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13045- 022- 01259-7.

Additional file 1. Supplemental methods

Additional file 2. Patient characteristics at the time of lung cancer 
diagnosis

Additional file 3. Univariate analysis of VTE risk

Additional file 4. Proposed new risk score

Acknowledgements
We thank all our patients and their families and all the site investigators for 
their cooperation. We also thank Dr. Hiroyuki Kuroda and Dr. Megumi Naka-
mura for forming the Image Assessment Committee and Dr. Takashi Yoshioka 
and Dr. Teruhisa Azuma for forming the Safety Monitoring Committee.

Author contributions
YT was involved in conceptualization of the study, methodology, investiga-
tion, data curation, and writing of the manuscript; TH was involved in data 
curation, methodology, investigation, and writing of the manuscript; KH, NF, 
TY, RS, AN, TM, MH, SK, RH, TS, and MN were involved in the investigations and 
writing of the manuscript; MY, NI, KF, TK, and KK were involved in the meth-
odology, investigations, and writing of the manuscript; and TI was involved in 
conceptualization of the study and writing of the manuscript. All authors read 
and approved the final manuscript.

Funding
This work was funded by Daiichi Sankyo Co., Ltd. [grant number LIX-
MD-15003]. It had no role in the design of the study; data collection, analysis, 
and interpretation; and writing of the manuscript. It was not involved in the 
protocol planning or preparation, and study progress management.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the principles of the Declaration 
of Helsinki and the Good Clinical Practice Guidelines. The study protocol was 
approved by the Shimane University Institutional Review Board based on the 
Clinical Trials Act enacted in Japan in 2017 and published in the Japan Registry 
of Clinical Trials (jRCTs061180025). Written informed consent was obtained 
from all patients.

Consent for publication
Not applicable.

Competing interests
Outside of the submitted work, YT received personal fees and a grant from 
Daiichi Sankyo Co., Ltd. and AstraZeneca K.K. and personal fees from Chugai 
Pharmaceuticals Inc.; NF received personal fees from AstraZeneca K.K., Chugai 
Pharmaceutical, Nippon Boehringer Ingelheim Co., Ltd., Bristol-Myers Squibb 
Company, Eli Lilly Japan K.K., MSD K.K., Pfizer Japan Inc. Taiho Pharmaceutical, 
and Novartis Pharma K.K.; TY received personal fees from Eli Lilly Japan K.K., 
Merck Sharp & Dohme K.K., and Takeda Pharmaceutical; AN received personal 
fees and a grant from AstraZeneca K.K., Thermo Fisher Scientific, Inc., Chugai 
Pharmaceutical Co., Ltd., Eli Lilly Japan K.K., Novartis Pharma K.K., Pfizer Japan 
Inc., and Nippon Kayaku Co., Ltd. and personal fees from Taiho Pharmaceutical 
Co., Ltd.; TM received personal fees from AstraZeneca K.K., Chugai Pharmaceu-
tical Co., Ltd., Taiho Pharmaceutical Co., Ltd., Eli Lilly Japan, Nippon Boehringer 
Ingelheim Co., Ltd., Kyowa Kirin Co., Ltd., and Ono Pharmaceutical Co., Ltd.; KF 
received personal fees from AstraZeneca K.K., Chugai Pharmaceutical Co., Ltd., 
Bristol-Myers Squibb Company, MSD K.K., Pfizer Japan Inc., Daiichi Sankyo Co., 
Ltd., Eli Lilly Japan, and Nippon Boehringer Ingelheim Co., Ltd.; KK received 

Fig. 1 Evaluation of the discriminating ability of the new VTE risk 
scoring system (receiver operating characteristic curve)

https://doi.org/10.1186/s13045-022-01259-7
https://doi.org/10.1186/s13045-022-01259-7


Page 4 of 4Tsubata et al. Journal of Hematology & Oncology           (2022) 15:40 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

personal fees from AstraZeneca K.K. and Takeda Pharmaceutical; and TI 
received personal fees and a grant from Daiichi Sankyo Co., Ltd., personal fees 
from AstraZeneca K.K., Pfizer Japan Inc., and Nippon Boehringer Ingelheim Co., 
Ltd., and grants from Pearl Therapeutics Inc. and Janssen Pharmaceutical K.K.

Author details
1 Department of Internal Medicine, Division of Medical Oncology and Respira-
tory Medicine, Shimane University Faculty of Medicine, 89-1 Enya-cho, Izumo, 
Shimane 693-8501, Japan. 2 Department of Respiratory Medicine, Hiroshima 
Prefectural Hospital, 1-5-54 Ujina-kanda, Minami-ku, Hiroshima 734-8530, 
Japan. 3 Division of Respiratory Medicine, Department of Internal Medicine, 
St. Marianna University School of Medicine, 2-16-1 Sugao, Miyamae-ku, 
Kawasaki, Kanagawa 216-8511, Japan. 4 Department of Respiratory Medicine, 
Kurashiki Central Hospital, 1-1-1, Miwa, Kurashiki, Okayama 710-8602, Japan. 
5 Department of Respiratory Medicine, Tohoku University, 1-1 Seiryo-machi, 
Aoba-ku, Sendai, Miyagi 980-8574, Japan. 6 Department of Pulmonary 
Medicine, Sendai Kousei Hospital, 4-15 Hirose-machi, Aoba-ku, Sendai, Miyagi 
980-0873, Japan. 7 Department of Respiratory Medicine, Hiroshima University 
Hospital, 1-2-3 Kasumi, Minami-ku, Hirosima 734-8553, Japan. 8 Depart-
ment of Respiratory Medicine, Iwakuni Clinical Center, 1-1-1 Atago-machi, 
Iwakuni, Yamaguchi 740-8510, Japan. 9 Department of Respiratory Medicine, 
Asahi General Hospital, I-1326 Asahi, Chiba 289-2511, Japan. 10 Department 
of Respiratory Medicine, National Hospital Organization, Kure Medical Center, 
3-1 Aoyamacho, Kure, Hiroshima 737-0023, Japan. 11 Department of Medical 
Oncology, Yamaguchi-Ube Medical Center, 685 Higashikiwa, Ube, Yamagu-
chi 755-0241, Japan. 12 Department of Respiratory Disease, Hiroshima Red 
Cross Hospital and Atomic-Bomb Survivors Hospital, 1-9-6, Senda-machi, 
Naka-ku, Hiroshima 730-8619, Japan. 13 Department of Respiratory Medicine 
and Allergology, Kochi University Hospital, 185-1 Kohasu, Oko-cho, Nankoku, 
Kochi 783-8505, Japan. 14 Department of Pulmonary Medicine, Saitama Medi-
cal University International Medical Center, 1397-1 Yamane, Hidaka, Saitama 
350-1298, Japan. 

Received: 21 January 2022   Accepted: 26 March 2022

References
 1. Khorana AA, Francis CW, Culakova E, Kuderer NM, Lyman GH. Throm-

boembolism is a leading cause of death in cancer patients receiving 
outpatient chemotherapy. J Thromb Haemost. 2007;5:632–4.

 2. Khorana AA, Kuderer NM, Culakova E, Lyman GH, Francis CW. Develop-
ment and validation of a predictive model for chemotherapy-associated 
thrombosis. Blood. 2008;111:4902–7.

 3. Gerotziafas GT, Taher A, Abdel-Razeq H, AboElnazar E, Spyropoulos AC, 
El Shemmari S, et al. A predictive score for thrombosis associated with 
breast, colorectal, lung, or ovarian cancer: the prospective COMPASS-
cancer-associated thrombosis Study. Oncologist. 2017;22:1222–31.

 4. van Es N, Ventresca M, Di Nisio M, Zhou Q, Noble S, Crowther M, et al. 
The Khorana score for prediction of venous thromboembolism in cancer 
patients: An individual patient data meta-analysis. J Thromb Haemost. 
2020;18:1940–51.

 5. Ay C, Vormittag R, Dunkler D, Simanek R, Chiriac AL, Drach J, et al. D-dimer 
and prothrombin fragment 1 + 2 predict venous thromboembolism in 
patients with cancer: results from the Vienna Cancer and Thrombosis 
Study. J Clin Oncol. 2009;27:4124–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	A new risk-assessment tool for venous thromboembolism in advanced lung cancer: a prospective, observational study
	Abstract 
	Acknowledgements
	References


